INTRODUCTION
In August 2012 a series of seventeen compositional Australia wide map products were released by CSIRO and Geoscience Australia from imagery obtained by the multispectral satellite sensor, Advanced Spaceborne Thermal Emission Reflectance Radiometer (ASTER) (Cudahy, 2012) . This follows almost ten successful years of data acquisition by ASTER following its development by Japan's METI and launch by NASA (Yamaguchi et al., 1998) . ASTER acquired imagery within a 60 x 60 km scene area from 14 different spectral bands with a pixel resolution of between 15 to 90 m, depending on wavelength (Yamaguchi et al., 2001) . Of particular interest for remote sensing geoscientists were the inclusion of detectors covering the visible-near infreared (VNIR), shortwave infrared (SWIR) and thermal infrared (TIR) wavelength regions offering the potential for discriminating mineral groups including iron oxides, carbonate, phyllosillicates and also of other silicates (Rowan and Mars, 2003) . ASTER also encompassed VNIR bands similar to Landsat bands useful for vegetation and regolith mapping.
Prior to the generation of such Australian continental scale compositional maps, isolated and independent industry and government agency projects provided useful, albeit sometimes haphazard application of ASTER for limited Australian areas using variable methodologies and reference standards. The mosaicking of thousands of Australian ASTER radiance scenes, was calibrated using many hyperspectral reflectance reference data sets in conjunction with illumination and atmospheric based gain and offset corrections. Subsequent processing into band (ratio) parameters, targeting composition related spectral absorption features, provided a reliable approach for generating map products across Australia. Masking of resulting band parameter products was performed to exclude areas of cloud cover, deep shadow, water bodies, and significant vegetation. Masked products were stretched by consistent thresholds that best qualitatively to semiquantitatively represented mineral (group) surface content and likely mineral species composition of rock/soil exposures SUMMARY Australia wide maps have recently been generated and released by CSIRO and Geoscience Australia using the 14 band satellite-borne ASTER sensors. Seventeen map products related to surface composition have been developed, based on spectral absorption features representing either abundance of mineral groups, specific minerals and their chemistry, vegetation cover or regolith related characteristics. This study aims to test the geoscience mapping capabilities of these products, individually, and integrated with airborne geophysics and DEMs over the semi-arid Mt Fitton area, South Australia, and within the agricultural Wagga Wagga region, New South Wales. The robustness of these techniques is evaluated by comparing the results from these two areas with different geological exposure and cultivation.
Various image processing, statistical and principal component analytical (PCA) techniques were utilised. ASTER map products including Ferric Oxide Content, Ferrous Iron Index, AlOH Group Content, MgOH Group Content, MgOH Group Composition, Ferrous Iron Content in MgOH, and Silica Index products proved useful discriminating previously mapped host or altered units of Mt Fitton. PCA correlation statistics proved helpful in devising potentially useful RGB composite imagery incorporating ASTER and geophysics. 2 D scatterplots between different products also proved useful for classifying surface composition. However ASTER map products within the Wagga area proved strongly affected by agricultural and floodplain cover. Slope per cent products generated from Wagga DEMs were useful in focussing ASTER products in areas of hilly and piedmont outcrop or eroded exposures. (Cudahy, 2012) . Table 1 summarises the seventeen ASTER products and their inferred accuracies (Cudahy, 2012) .
Recently Laukamp et al (2013) demonstrated the significance of these first version CSIRO-Geoscience Australia ASTER map products for mineral exploration in the Jervois Block within the arid environment of central Northern Territory. This study aims to examine and compare the application of this ASTER map products in two different environments, in conjunction with tradional airborne magnetic, radiometric, and digital elevation model (DEM) data sets. In particular, it aims to examine the robustness of its geoscience mapping capabilities, as individual map products, and via data integration, over the semi-arid Mt Fitton, South Australia, and within the more cultivated Wagga Wagga region, NSW.
Geology of the Mt Fitton and Wagga Wagga study areas
The Mount Fitton area in the northern Flinders Ranges of South Australia (139°25'E, 29°55'S), has a semi-arid climate, resulting in sparse vegetation, ranging between 5 and 15% total cover. Flash flooding over hilly relief has stripped unconsolidated regolith material, leaving abundant fresh exposures of bedrock. Geological mapping of the Mt Fitton region by Coats and Blissett (1971) describe Precambrian granites, amphibolite dykes, and tightly folded and faulted tillites, shales siltstones, and carbonates. Examples of chloriterich greenschist facies metamorphism and localised hydrothermal alteration occur at a number of sites, with the alteration mineralogy at Mount Fitton largely controlled by host-rock composition. In particular, carbonates (dolomite, magnesite and calcite) within the Balcanoona Formation, have in part been converted to, or replaced by, quartz, muscovite, chlorite, actinolite, tremolite, talc, epidote and scapolite (Coats and Blisset, 1971) . Mt Fitton has been previously used extensively as a control test site for numerous geological remote sensing case studies (Hewson et al, 2003a) .
The area bounded by the Wagga Wagga 100,000 sheet (#8327) of south eastern NSW was examined in this study and significantly contrasted in its environment, agriculture and geological exposure to Mt Fitton. In particular, it consists of regolith and landforms typical of the Riverine Plains adjacent to the Murrumbidgee River with moderate rainfall supporting active agricultural cropping and grazing practices. Landforms consisted of flood plains to moderately hilly areas with some eroded plateau exposures and piedmonts (Chen and McKane, 1997) . Chen (1997) describes and analyses the geomorphology and landforms, in part, using slope per cent (%) estimates of the various floodplains and tributaries (1-2%), undulating plains and rises (3-5%), and hilly areas vulnerable to erosion (10-30%) (Chen, 1997) . Surface soils range from clay rich alluvium and gravels, as well as the considerable aeolian (parna) sediments, particularly blanketing areas of lower relief. Extensively folded Ordovician metasediments, large intrusive Silurian granite bodies, and minor Devonian sandstones occupy hilly areas, mostly encompass the eastern and southeastern portions of the Wagga 100,000 sheet (Raymond, 1993) .
DATA ACQUISITION AND PROCESSING
The ASTER Map Products used in the study were sourced directly or indirectly from CSIRO and Geoscience Australia in either GeoTiff or ENVI/ERMapper software compatible nd vertical derivative (2VD), 1 st horizontal derivative (2HD), Gradient Tilt Angle (Tilt) filtered and reduced to the pole (RTP) aeromagnetics (TMI), as well as Potassium (K), Thorium (Th) and Uranium (U) radiometrics. Digital Elevation Model (DEM) data sets were sourced from from the NSW or SA Geological Surveys (e.g. airborne geophysics radar altimeter data) or from USGS/NASA (http://gdex.cr.usgs.gov/gdex/) that supplied ASTER or Shuttle Radar Topography Mission (SRTM) generated data. Topographic modelling into shaded and slope (%) products were generated using ENVI software (http://www.exelisvis.com/ProductsServices/ENVI.aspx).
Past integrated studies of spectral, airborne geophysics and DEM data have shown the usefulness of simple Red Green Blue (RGB) composite imagery such as ASTER derived AlOH content with radiometric K, draped over high pass filtered magnetics (Hewson et al. 2003b) . Comparing ASTER products with slope modelled from DEMs was found particularly useful for discriminating mineral occurences associated with transported alluvium versus outcrop (Hewson et al., 2006) . More numerical methods have been attempted in this study using a statistics based approach for studying possible relationships between ASTER BSQ, airborne geophysics and DEM products. This required the combined subsetting of approximately 20 layers into coincident imagery, resampled to 100 metres resolution (nearest neighbour). Derived PCA correlation statistics and 2D scatterplots of various data pairs were used to extract information on possible correlations and spatial relationships between data sets. Thresholded slope percent imagery derived from the Wagga 100K SRTM DEM data was used to extract ("mask") only areas greater than 10% in order to focus on potentially hilly and piedmont rock/talus outcrop exposures within the combined ASTER-geophysics products.
RESULTS AND CONCLUSIONS
Examination of the current ASTER version 1.0 map products of the Mt Fitton area indicated it was successful in discriminating several of the lithological units and overprinted mineralised alteration. In particular, the dolomite (e.g. MgOH) bearing Balcanoona Formation, mica (e.g. AlOH) bearing Mt Curtis Tillite / Amberoona Formations, and quartz (e.g. Silica) rich Bolla Bollana Tillite were highlighted within the relevant ASTER Tiff products. The availability of the ASTER BSQ products also enabled the opportunity to generate RGB composite imagery and drape them over either DEMs or magnetics (Figure 1a) . Figure 1a also highlights coincident occurrence (e.g. bright/white areas) of mica, ferric iron and quartz content associated with alteration near the antiform structure at the far western occurrence of the Balcanoona Formation (highlighted in red) (approx. 345000E, 6688000N). This is also coincident with published lineaments (highlighted in black) and higher 1VD magnetic response (Figure 1a) . A scatterplot of the radiometric potassium and ASTER AlOH composition was also used to potentially discriminate mica/clay bearing units of different K content (Figures 1b & rd International Geophysical Conference and Exhibition, 11-14 August 2013 -Melbourne, Australia 3 c). Although this response is possibly related to other K bearing minerals (e.g. orthoclase), it appears a useful method to classify many of the units (Figure 1b) . The PCA statistics proved helpful in devising several RGB products and showed moderate correlations between the radiometrics and AlOH indices of up to 0.46.
Preliminary results processing the combined ASTERGeophysics and DEM data sets for the Wagga 100K area indicate the difficulty interpreting surface geological information using ASTER's spectral data in such a cultivated and flood prone terrain. The presence of significant cropped farmland with variable vegetation cover, as well as blanketing of floodplains with alluvium and mixed aeolian material, indicates its potential limitations. Attempts were made to focus on areas most likely to contain geological exposures within the Bulloc, Malebo and Burngoogee Ranges using a masking image generated from SRTM DEM derived slope (Figure 2a) . Areas with 10 percent and steeper slopes were extracted from the ASTER map products and provided increased spatially coherent mineral occurrences and potentially more reliable mineral information related to geological units. For example the slope masked Ferric Iron Composition offered potentially useful information regarding hematite -goethite mineralogy (Figure 2b ), relevant for either providing information on either the host rock, regolith process (e.g. weathering profile depth) or possible alteration. However PCA correlation statistics of masked ASTER products with geophysics indicated generally poor correlation statistics of less than 0.3. The slope masked radiometric responses for radiometrics provided more spatially coherent anomalies with reduced noise (Figure 2c ).
In summary, in areas of limited vegetation cover, transported cover and cultivation, the recently released Australia ASTER map products supplied by CSIRO/Geoscience Australia, show themselves to be useful for discriminating mineral identities/groups within surface geological units and those associated with possible overprinted alteration and/or replacement. It is also apparent that integrating with traditional airborne geophysics and DEM information can improve and refine the interpretation of mineral chemistry, structure and its geomorphological setting.
Future work is currently being undertaken to complete the examination of all supplied ASTER map and geophysical products within the Wagga 100K area and their relationship to geological outcrops, landforms and soil/regolith. Issues regarding satellite acquisition timing, affecting vegetation cover, soil moisture and solar illumination conditions, will also be examined.
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